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AS OF DECEMBER 2016, ALLINEA IS PART OF

ARM

Our objective:

Remain the trusted leader in cross platform HPC tools

= The same successful team...

* We will continue to work with our customers, partners and you!

s ... iS Stronger than ever...

* We can now respond quicker and deliver our roadmap faster

e ... aS cOmmitted as ever...

* We remain 100% committed to providing cross-platforms tools for HPC

... and looking forward to the future.

* We are working with vendors to support the next generations of systems.
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ALLINEA TOOLKITS SAVE USERS’ AND
DEVELOPERS’ TIME
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Allinea Forge
(profiling)

Summary: MADbench? is

The otal walllock §me was spent as folows

O-bound in this configuration

Gru as% ' Ths s low. £ may be worth mgrovng 1O performance st
WPl Time sgent 7 NP cals. Hgh values are usualy bad
MPI 413% - This s average: check te MP! breaiown for advce on reducng L
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- This s high: check the VO breakdown secton for ogimization advice.
A secton below

PL MPI
Abreakdown of how the 4 2% toal CPU bme was spent Ofthe 41 3% ot time spentin MP1 calls:
‘Scalar rumericops 4 4% Time n collctve calls % ..
Veckr numerccps 01% Timeinpontibpontcals  00%
Memory accesses  950% [ Estmated colectverate 407 bytes's [N
Oher Estimated port-lo-port rate 0 byws's.
The per-core performance is memory-bound Use a profler o Al of e tme is spert in. s Wit 3 very low transfer rate.
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We do tools for a single reason:
help people save their time.

Bug
Resolution
Code
alidation

Bottlenec I _
I l ]
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ACHIEVING PERFORMANCE PORTABILITY

hnlﬁllllﬂ..

‘ Turn

‘ ) information
Turn “a lot into better

of” data code
. : Into
Retrieve meaningful
useful data  jnformation

Use
powerful

oo allinea
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USING POWERFUL TOOLS MORE EASILY

« Fast and easy
Remote alternative to
Elient X-Forwarding
and VNC

g

« Simplifies
Reverse integration with
Connect job submission
scripts

AN

* Automation of

_ debugging &
[t profiling for
professional

workflows a I I i n Ea
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GENERATING USEFUL AND MEANINGFUL

INFORMATION
[ J

1
T 1

Scalable & e e
e © o o o o
Portable

Profiled: clover_leaf on 32 processes, 4 nodes, 32 cores (1 per process) Sampled from: for 408.1s

Application activity

Cross-Process Comparison View

Expression: [ dynamicArray

Cloverleaf Metrics &

CPU fioating-point
;8%

Lustre write transfer b
sezmn

Clowverleaf custom metrics

-
=t ) . ) —
I Lustre metadata operations Average Iterations per second 5.88 iterations /s i
am eal N " . N
a ot heap. Maximum Iterations per second  26.0 iterations /s [
Lustre file opens S . .
on Ayverage Grind time per cell 17.0ns 1N
46.116s, 11.3% of total: Main thread Maximum Grind time per cell 17.5ns S F
Average Step time per cell zzglns A
Maximum Step time per cell 1.35 ps [
D at a Profiled: mmultd_sol_c.exe on 16 processes, 1 node, 272 cores (17 per process) Sampled from: for 48.1s. Hide Metrics.

B ——

processing v e = e 2 2 ey

o

Memory usage

" . =
TOSMB |
18.m,$3%ollolnl:c0quPm 1%, MP1 2.0 %, File U0 13.7 %, Synchronisation © - %, OpenMP overhead 135 %, Sleeping + % Zomd) Z ©
‘ "I""" N Now part of ARM
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ALLINEA DDT - THE DEBUGGER

= Who had a rogue behavior ?
— Merges stacks from processes and threads

= Where did it happen?
— leaps to source

& <

= How did it happen?
— Diagnostic messages

— Some faults evident instantly from source Locals  CurrentLines) | Current stck |
. . ._| Curreni Line(s) [
= Why did it happen? Variabie Name [varue [
— Unique “Smart Highlighting” L ype -,,.,n“'“'m.,
— Sparklines comparing data across processes™!
50115 e L R o —

I | l. |  reate_ocn_communicator (communicate f90:303)




PREPARING CODE FOR USE WITH DDT

= As with any debugger, code must be compiled with the debug flag typically -g
= |t is recommended to turn off optimization flags i.e. =00

= |_eaving optimizations turned on can cause the compiler to optimize out some
variables and even functions making it more difficult to debug

allinea
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SEGMENTATION FAULT

» |n this example, the application crashes with a segmentation error outside of DDT.

3 cstartmpi. 9@
rtmpi at cstartmpi.f

[rhulguin@ryanlinux f20]1%F

» What happens when it runs under DDT?

allinea
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SEGMENTATION FAULT IN DDT

Current Line(s)

Locals Current Line... I Current St... I

;I Variable Name

=-tab
-y

Reason/Origin: address not mapped to object (attempt

You can use the stack controls to see what the process

- cstartmpi.foo = |
95
Sc = subroutine func3 (my rank)
97 integer, allocatable :: tab(:,:)
98 integer :: =, ¥, my_rank
99
100 allocate(tab(0:12,0:12))
101 = do i=0,11
102 & do while (¥ /= 12)
103 tab(x,¥) = (x+1)*(¥+1l)
104 v = y+my rank+1l
105 cnd do Program Stopped
106 end do Processes 0-15:
107 deallocate (tab) i
108 end subroutine func3 Process stopped in func3 (cstartmpi.f90:103) with
109 signal SIGSEGV (Segmentation fault).
110 = subroutine print_arg(arg)
111 character(128) :: arg to access invalid address)
4 I Ybur_ program will probably be terminated if you
continue.
¢s | Tracepoints | Tracepoint Output | Logbook | Eva was doing at the time.

F X Ex

[

[+ Ahwvays showr this window for signals

= Continue | Il Pause I

" >
I Value
——4198128
—0
x|
3
[

» DDT takes you to the exact line where Segmentation fault occurred, and you can

pause and investigate

ulll'hla

allinea
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INVALID MEMORY ACCESS

F cstartmpi.foo [ I Locals Current Line... I Current St... |
Current Line(s) F X
96 &= subroutine func3 (my rank) ;I =
R — Variable Mame Value
97 integer, allocatable :: tab(:,:) —
. Elitab ([0] = ( [0] =-1581
98 integer :: %, Vv, my_ rank e 4198128
= Y 0
100 allocate(tab(0:12,0:12))
101 = do i=0,11
102 = do while ({(y /= 12)
103 tdb(x,¥) = (xt1)*(w+1)
104 Y = vimy rank+1
105 =1 | On this line:
106 end dd 16 Processes: ranks 0-15
107 dealld
108 end subi 1 Thread (Rank 0): #1
109 Mame: tab
110 = subrouti Type: integer (kind=4), ALLOCATABLE

111 charad {0:12.0:12)

» The array tab is a 13x13 array, but the application is trying to write a value to
tab(4198128,0) which causes the segmentation fault.

» i is not used, and x and y are not initialized

allinea
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ADVANCED MEMORY DEBUGGING

Memory Debugging Options

¥ Preload the memory debugging library Language: | C/Fortran, no threads 3 |

Note: Preloading only works for programs linked against shared libraries. If your
Run program is statically linked, you must relink it against the dmalloc library
manually.
Run: mpirun -n 4 examples/wave_c Details Heap Debugging
Command: | mpirun -n 4 examples/wave_c Fast Balanced Thorough Custom
OpenMP d ‘ ‘
cuba Enabled Checks: | basic More Information
Memory Debugging
Plugins: none — Heap Overflow/Underflow Detection
Add guard pages to detect out of bounds heap access
Guard pages: B Add guard pages: s
Help || Optiens |

| [ M
gun

Check heap consistency every %| heap operations

+ Store stack backtraces for memory allocations
Only enable for these processes:

{ | 100% | select Al || x2

x0.5 1%

= — - allinea
T
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File

o=

i

Current Group:

All

Create Group

View Control

Search Tools Window Help

H & 55 H EB-ELET BI BE ! -
Focus on current. ‘@ Group (0 Process () Thread

24576 processes (0-24575) Paused: 17223 Playing: 7352 Finished: 0

Currently selected:

Step Threads Together

fon Nid00124, pid 24817, main thread WP S481)

Project Files (53] [ = ppiEnvironment.cc 39 | € xyzpart.c 3£ | Locals Current Line(s) | Current Stack ]
Search (Cirl+K) ] € 551 ikwsortii(ntsamples, allpicks); [«]| CurrentLine(s) ()
. S—y S52 Variable Mame Value
- -
| volumelraw < S53 ) ) ) $-allpicks Bl 5222580552070
L5l wave.c 554 /* Select the final splitters. Set the boundaries to i e s
‘i '::Jilcr:n?:(;eor'r 555 for (1=1; i<npes; i++) £ mypicks i 0 x 23 6110
M Wiriter oo 556 mypicks[1i] = allpicksli*ntsamples/npesl; ~npes —— 24575
w wspa&e c 557 mypicks[o].key = IDX_MIMN; - ntsamples —— 1818550
B XdrFilewwrite 558 myplcks[npes].key = IDX_ MAX;
e XodmemRez 559
e el e T =121 i
o wdrReaderad S61 WCOREPOP; /* free allpicks */ —]
| Xdrwriter.co 552 E
wmlAbstracth SE53 STOPTIMER(ctrl, ctrl-=AuxTmr2);
SE4 STARTTIMER(ctrl, ctrl-=AuxTmr3);
=125 EIN g | [v]
[ [+] [a] [ [»] Type: none selected
InputfCutput ] Breakpoints ] Watchpoints | Stacks | Tracepoints ] Tracepoint Cutput ] Logboolk ] Ewvaluate & 3
Stacks [ | Expression Walue
Frocesses Threads Function :

- T 272322544,

Type: int
Range: from -2147259746 to -12282046
A2 T223 processes equal

17223 17223 = main (main.cc:37)

17223 17223 | = SimulationMaster:SimulationMaster (SimulationMasterccE3)

172220 172230 = SimulationMaster:initialise (SimulationMaster.cc154)

17223 117223 1] = hemelbgeometry:GeometryFeader:LoadAndDecompose (GeometryReadercc:188)
17223 172230 = hemelb:geometry: GeometryReader:OptimiseDomainDecomposition (GeometryReader.c
17223 T30 = hemelb:geometry::decomposition:OptimisedDecomposition:OplimisedDecomposition
17223 117223 1] = hemelb:geometry decomposition:OptimisedDecomposition: CallParmetis (Optimisec
17222 172230 = PamETIS_W3_PantGeomiKway (gkmetis.c:90)
17223 172231 ] = libparmetis  Coordinate Partition (xyzpart.c:S8)
i eudoSampleSort

[+]

T353 processes playing

Sun Aug 10, 7:50 Pr |E3)

| B titan-ext?

| voAllinea DDT 4.2.1-36484

= computer




Debugging at Scale Requires Powerful Visual
Representations

Eile Edit View Control Jools Window Help

e[ 0@ = ®le & i d! OA-5~

JJFocus on current: & Process ¢ Thread |l_ Step Threads Together | JJ B B |§ -

Project Files & x © wave_openmp.c 1 | Locals  Current Line(s) | current Stack
216 Current Line(s) [

months ageo
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago

[search (Ctri+k) LN
= variable Name |\Blue

—— Ox7ffff4b7a01C
——ox7ffffab7a010

Application Code

Il (first

deo_math(3) 7

nelvoid) : void
main(int argc. char ==a
output_master{void) : v
output_workers{void) :
reduce_print{const cha
id

't 0 0 03 0 09 00 09 60 (B 60

values;
newval;

f* swap a
oldwval
values

months
months
months
months
months
months
months
months
months
months

—=—ir o

time_mpi_start : v
time_mpi_stop : void

urn iterations;

LISy

JINNRNNRNNNNRNNRNNRNRNR NN

WWWWWWENWHWNNNN

NEEEEEEEEEE

Uy ST f 1 | |
1 »[ hype: none selected

Stacks | Tracepoints | Tracepoint Output | Logbook | Evaluate = x
= x [ Expression [value |

& newwval —— Ox7ffff4b7a010

oldval —— Ox7ffff4b7a010

-walues ——ox7ffif4ab7a010

N

i
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ENABLE LARGE SCALE DEBUGGING AND REGRESSION
TESTING WITH OFFLINE DEBUGGING

[ report logbook x

& [ File:///home/bpaisley/demo/ddt/cstartmpi/report.html o =

debugging /homel/bpaisley/demo/ddticstartmpil/cstartmpi.exe -
Messages Tracepoints Memory Leaks Output

Messages
[+] Expand All  [-] Collapse All
# | Type Time Processes Message
1 \i) 0:00.000 (0-3 Launching program /home/bpaisley/demo/ddt/cstartmpi/cstartmpi.exe

at Wed May 6 11:34:30 2015
Executable modified on Mon Apr 27 13:22:13 2015

\\i) 0:01.649 |0-3 Startup complete.

3 0:01.655 [nfa Select process group All

4 j 0:01.656 |0-3 Add tracepoint for cstartmpi.c:109
Vars: X, y

5 0:01.658 [nfa Add Expression to Evaluate: my_rank

5] 0:01.658 |n/a Add Expression to Evaluate: tables

7 Additional Information
» Stacks

p Current Stack

¥ Locals
Value
1
ex7fffffffdsas
33767
bigArray
dest ]

.'I =]
Now part of ARM
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FIVE GREAT THINGS TO TRY WITH ALLINEA
DDT

. | pr S1’=(? i ; S ?liiiﬂz‘;))m € hello.c 3
T Oupal cqilpr=e; - A This file is newer than your program. Please recompile then restart yo
Tracegind I Proceses | Valve gt br (1= 0 ; i < SIZE M; i++) 43 else
for (j =0 ; j < SIZEN; j++) — 1.
——ry o e | e ol e oy 1 k=  BRER AN 1253) 4 3‘5' } test=-1;
- CI1J13] += A[L](Kk] * BIK][]]; P
o bl J O Progrmstoppes ] 47  void func3()
: . (e : 8 {
era 05 o me  msn e Mo o I § Process 0: oo void® 1 = (void*) 1;
[ . WL Proces stopped at watchpont "rank" in main (watchmatrixc:45). A 50 while(i++ ”‘u)
Lennnn 0id value: 0 :
vheos B1E5 2;::;:‘.‘,1‘; mype ""1 MR oo H_‘ B =1 :‘:::::::7‘::9::‘; i A coreapility 'i'is of type 'void *. When using void pointers in calcule
— -E:‘:'{]V‘ 'h - - e G Ot ~= == Left click to add a breakpoint on line 50
nenRan = = = 55 {
heoe BI85 :‘,“: - (?","“ . 56 ty) 0 . .
o The scalable print { . Sl Static analysis warnings
- Stop on variable change 6 i

alternative on code errors

& !stremp(argvli], "crash)) {

100t (35 s

A
s", *(char **)argv[i]);

s Program Stopped
' Processes 0-3:
Memory error detected in main (hello.c:118):
L null pointer dereference or unaligned memory access
ro

Note: the latter may sometimes occur spuriously if gual
1. enabl
L Tip: Use the stack list and the local variables to explore
current state and identify the source of the error.

Detect read/write beyond
array bounds

Detect stale memory
allocations

allinea

Il“lh“‘ Now part of ARM
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THE UNCOMFORTABLE TRUTH ABOUT
APPLICATIONS

” Optimized for modern .
allinea
FORGE Hey, at least it compiles || | AR
allinea allinea
DT MAP

allinea

Il“lh“‘ Now part of ARM
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GLEAN DEEP INSIGHT FROM OUR
SOURCE-LEVEL PROFILER

Memory usage (M)
6.1 - 62.6 { 29.3 avg )

MPI call duration (ms)
o - 7279 (136.2 avg )

MPI1 point-to-point (/s)
o - 217 {1.0avg)

MPI collectives (/s)
o = 172 [ 0.6 avg )

CPU memory access (%)
o - 100 (18.7 avg )

CPU floating-point (2¢)
o - 100 {10.9 avg )}

CPU wvector (%)
o - 100 [37.6awvg )

CPU branch (3¢)
0 = 60 (0.5 avg )

— Track memory usage across
the entire application over time

Spot MPI and OpenMP
iImbalance and overhead

__:___ : e o Optimize CPU memory and
oo vectorization in loops

— Detect and diagnose I/O
bottlenecks at real scale

Argonne &




ALLINEA MAP - THE PROFILER

File Edit View Window Help
Profiled: wave openmp on 1 process. 4 cores (4 per process) Started: Fri Nov 7 10:26:34 2014 Runtime: 30s

Small data files roteston sty

CPU floating-point (%)
o - 70 (1

Hide Metrics. ..

asavg)
Memory usage (kB)
44,663 - 72221 (65,908 avg )
10:26:34-10:27:04 (29.9755): Main thread compute 14 %, OpenMP 21 %, Overhead &4 %, Sleeping © % | CPU floating-point 14.5 %; Memory usage 68,308 kB; Metrics,|_Select All

<5% slowdown e | ,

eldval(§)
values[3]

iteratio;

No instrumentation L i -

Input/Output | Project Files  Stacks | OpenMP Regions |
tacks

s & x
Time  [mp_[overhead [ Functients) on line [source [ Position |
5 & wave_openmp [program]
& 4 main

wave_openmp.
wave openm

Elupdate

ragma. om wave_openmp.c:213

a1.0% M1 (11T ] g |
37.a% |HILNIT 0L TCT0NTL T “ update,_omp_fn.0.constprop, 1
oldvall3l = values(3 wave_openmp.c:229

‘ NO recom p| lation etk U R T iy o SRR

0.1%l #1 other

[Alines Ulimate map TPts50 0a3TGERCI767 Nov 7 2014 | 4

allinea
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HOW ALLINEA MAP IS DIFFERENT

Adaptive

T

sampling

Scalable

Instruction
analysis

Thread
profiling

Integrated

Sample
frequency
decreases

over time

Same scalable
infrastructure
as Allinea DDT

Categorizes
instructions
sampled

Core-time not
thread-time
profiling

Part of Forge
tool suite

Data never
grows too
much

Merges
sample data at
end of job

Knows where
processor
spends time

Identifies lost
compute time

Zoom and drill
into profile

Run for as
long as you
want

Handles very
high core
counts, fast

Shows
vectorization
and memory

bandwidth

Detects
OpenMP
issues

Profiling
within your
code

allinea
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PREPARING CODE FOR USE WITH MAP

» To see the source code, the application should be compiled with the debug flag
typically -g
= |t is recommended to always keep optimization flags on when profiling

allinea

HIH Now part of ARM
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MATRIX MULTIPLICATION EXAMPLE

C=AxB+C

B [ o me
Master process *x +
A B C C

Slave process 1 H »® i'l' |
A
Slave process n-1 L *®

A B C

I
i

|
+
Il
]

allinea

N fARM
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MATRIX MULTIPLICATION PROFILE

Frofiled: mmultZ c.exe on 64 processes, 1 node Sampled from: Fri Mov 11 22:11:16 2016 for 236.5s Hide Metrics...

Main thread activity

CPU floating-point dl|

1.0 % =

Memory usage
0.51 GB

o

—
Zoom H—

22:11:16-22:15:12 (236 4565): Main thread compute 42.9 %, MPI 56.7 %, File IO 0.0 %, Sleeping 0 %

Commult2.c € Time spenton line 63

== £ void mmult{int size, int nslices, double #*a, double #*B, double =*C) [a] Breakdovm of the 42.2% time spent on this line:
sS4 { ) ) L ) ) Executing instructions  100.0% I
55 = for{int 1=0; i<=size/nslices; i1++])
S8 . . . . . ==
57 B Eor‘ (int j=0; j=size; j++) <-'" Tim nstructions executed:
=iz B - =
<0. 1% 59 double res = ©.0; | Scalarfioating-point
(=10 — ‘ector floating point
0.2% gé = ‘Eor‘(lnt k=0; k=size; k++) Scalar integer
42. 2% _ ... 63 res += Bli*sizetk ]| *B[k*size+]]; Vector integer
&4 T Memory access®
65 . . - Branch
<0.1% 56 Cli*size+]j] += res; . X
&7 T Other instructions
e8 T * 28.1% memaory access instructions, 70.3%
69 T F—1 implicit memory accesses in other instructions,
s I ,]—' also counted in their categories

(o]

InputfOutput ] Project Files Main Thread Stacks | Functions ]

Main Thread Stacks & (3
Total core time -~  MPFI Function(s) on line
= # main
12.4% _ o
39.9% RS MF1_Finalize
11.7% I 11.7% MPI_Recw
4.4% Y 4.4% MF1_Send
1.7% "

10 others ET
'a
o

E ey of ARM
AR RNNT




ENABLING VECTORIZATION

The compiler is unable to vectorize efficiently because of the following line
in C:

res += A[i*size+k]*Bl[k*size+]j];

and in F9O0:

res=A(i*size+k) *B(k*size+j) t+res

rewrite mmult to have

in C:
res += A[i*size+tk]*transB[j*size+tk];
and in F90:

res=A(i*size+tk) *transB(j*size+k) t+res

allinea
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IMPROVING DATA LAYOUT AND ACCESS PATTERN

Profiled: mmultZ loops c.exe on 64 processes, 1 node Sampled from: Fri Mow 11 22:18:48 2016 for 150.3s Hide Metrics...

Tm— __

CPU floating-point

2.3 %
Memory usage g = |
0.44 GB |
o
22:12:48-22:21:18 (150.328s): Main thread compute 2.6 %, MP194.1 %, File /O 0.0 %, Sleeping =~ % Zoom 'Aa\I EE' )
Commult?2_solc 32 Time spenton line 63 &=
=3 i wvolid mmult(int size, int nslices, double *A, double *transB, double *CJa| Breakdown of the 2.6% tme spent on this line:
54 . . . . . . Executing instructions 100 |
55 = for{int i=0; i<sizesnslices; i++) . . .
=6 Calling other functions 8]
57 & forlint 1=0; j=size; 1++) Time in instructions executed:
(=t=] =
<=0, 1% 59 double res = ©.0; | i TH-RUITIL L
S50 . . i | Vector floating point £
=0. 1% 51 = for{int k=0; kesize; k++) v
52 i .
2.6% . 63 I res += Ali*size+k] * transB[j*size+k]; vector multiplicatio Wector integer
54 T Memory access*
e s . Branch
<0.1% 66 Cli*size+j] += res; X X i
67 IS Otherinstructions o
68 i *14.5% memory access instructions, 85.5%
69 i3 = implicit memory accesses in other instructions,
&3] it l’]w also counted in their categories
Input/Output | Project Files Main Thread Stacks | Functions |
Main Thread Stacks = €
Total core time “~  MPI Function{s) on line
= ¢ main
49.9% I (0 9% ~MPI_Finalize
24.0% HSS— 24.0% MPI_Recv
18.9% ) 18.9% =~ MPI_Send
= mmult [inlined]
2.6% _
0.1% 3 others
2.2% munmap
2.2% [+ 132 others

Lilllllli-—'_-_---__ 11 wow part of ARM
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SERIAL BOTTLENECK

Profiled: mmuliZ loops c.exe on 64 processes, 1 node Sampled from: Fri Mov 11 22:18:48 2016 for 150.3s

Main thread acdvity

CPU floating-point
0%

Memory usage
0.37 GB

Hide Metrics...

22:20:09-22:21:18 (68.400s, 45.5% of total): Main thread compute LS %, MPI 98.5 %, File /O 0.0 %, Sleeping ' %

Eommult2_solc 3

185 printf ("=d: Sending result matrix...n", myrank);

187

188 MPI_sSend ( amat_cl[@©], slice, MPI_DOUBLE, 0, Soc+myrank,
189

MPT_ COMM_wi

190
191 1t (myrank
192
1932 printf("sd: writing results...wn", myrank];
1.5% 194 I mwrite(size, mat c, T1ilename );
195 printf("sd: Done.“n", myrank];
195 T
197
198 free(mat_a)l;
<0. 1% 199 free(mat_b);
<0. 1% p=lolo} free(mat_c);
201

MPI_Finalize(];

o8 . 5% I =02
Pt

D)

(K11

[»

(Il

Input’Output | ProjectFiles | Main Thread Stacks | Functions |

Time spenton line 194

Breakdown of the 1.5% time spent on this line:
Executing instructions 0.0%

Calling other functions 11

Main Thread Stacks

Total core time -~  MPI Function{s) on line
= _f' main
98.5% = MPI_Finalize

mwrite [inlined]
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INEFFICIENT 1/O

if (myrank =
{

printf ("%d: Receiving result matrix...\n", myrank);

[..]
}

else

{

printf ("%d: Sending result matrix...\n", myrank);

[..]

if (myrank == 0)
{
printf ("%d: Writing results...\n", myrank);

mwrite (size, mat c, filename);

ﬁnllll‘ll'iliﬁ
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IMPROVE SCALABILITY OF I/O ROUTINES

printf ("%d: Writing results...\n", myrank);

MPI File open(MPI_COMM WORLD, filename,
MPI MODE CREATE+MPI MODE WRONLY, MPI INFO NULL, &fh);

MPI File set view(fh, 0, MPI_DOUBLE, MPI DOUBLE, "native",
MPI_INFO NULL) ;

MPI File write at(fh, slice*myrank*sizeof (double), &mat c[O0],
slice, MPI DOUBLE, &st);

MPI Barrier (MPI_COMM WORLD) ;
MPI File close(&fh);

allinea
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3X SPEEDUP FROM OR

Profiled: mmult? loops mpii

o _c.exe on 64 processes, 1 node Sampled from: Fri Mov 11 22:19:05 2016

Main thread activity

CPU floating-point
4.6 %

Memory usage
0.51 GB

22:19:05-22:20:20 (75.744s)

Eommultd e 3€

INAL CODE

Hide Metrics...

o

:Main thread compute 5.4 %, MPI50.0 %, File /O 37.9 %, Sleeping © %

222 T =
223 ] )
224 printf("ssd: Processing...%n", myrank);
225
5.3% [ . 225 mmultisize, nproc, mat_a, mat_b, mat_c);
227
228 printf("sd: writing results...\n", myrank);
254
S e ———E 230 I MPT File cpen(MPI COMM WORLD, fTilename, MPI MODE CREATE+MPI MODE WRO|
231 MPI_File_set_view(fh, ©, MPI_DOUBLE, MPI_DOUBLE, "native", MPL_INFO_|
0.1% ~ 232 MPI_File_write_at(fh, slice*myrank*sizeof(double), &mat_clo]l, slice,
©.1% . =233 MPI_Barrier (MPI_COMM_WORLD) ;
1.0% i 234 MPI_File_close(&fh);
235 ] |
236 #if FULLDEBUG [...T ]
239 —
240 if{myrank == 0) (1.__.T ) =
A4 L=
[ [v]
InpubfQutput ] Froject Files Main Thread Stacks | Functions ]

Main Thread Stacks

L4

Time spenton line 230 = €

0.0%

Breakdown of the 36.8% time spent on this line:
Executing instructions ¥
Calling other functions

Total core time ~ MFI Function(s) on line
= # main

46.1% H— 45.1% - MPl_RFecy

e —
6.4% i
5.3% [
1.4% 11.4%
1.2% 1.2%
1.1% 1.1%
1.6% i
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SIX GREAT THINGS TO T

._.
k3
A
o

pute 76 %. MPI 24 %_ File
Find the peak

memory use
‘Hide Metrics...
. Sleeping © :

Make sure OpenMP
regions make sense

T

| late to the party

& 31 do j=1,20*nprocs; a

32 end if

33

34 e if (pe /= @) then
& .. 35 call MPI_SEND(a, si

36 else

37 & do from=1,nprocs-1
| 38 call MPI_RECV(b,
% I 39 do j=1,50; b=sqrt
% 40 print *,"Answer f

41 end do

42 end if

43 end do
s s 44 T call MPI BARRIER(MPI CO

Ac

Fix an MPI imbalance

Sammw  |NProve memory
' access

RY WITH ALLINEA MAP

Project Files | Main Thread Stacks | Functions

tacks
2 ~ MPI Function(s) on line
= CallActionsSeparatedConcerns [in
= Call [inlined]

=hemelb::net:lteratedAction::Ce
= hemelb::extraction::Property?
- hemelb::extraction::Property
Hl 80.3% PMPI_File_write_at

PP

— - Remove I/0O
' bottleneck

size, nproc, mat a
Ali*size+k]*B[k*s

L I 1

;?a . Restructure for
ST vectorization
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PUBLIC ROADMAP: 7.1 (JULY 2017)

.  Fast C deb
Debugglng . In?;rov;;l lg‘le'Ir_nsu;pl:)grjt

e Subset of ranks

P rOfl I | N g » GPU source-code

» Metric histogram preview

* IBM Spectrum PMIx

Platform - openrower

« ARMvVS
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PUBLIC ROADMAP: 8.0 (NOVEMBER 2017)

* Python support

Debugg I ng  AddressSanitizer plugin

* Python support

PrOfl I | ng * Improved performance

on Intel KNL

- CUDAY9

Platform . OPenPOWER §
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GETTING STARTED ON MIRA/COOLEY/THETA

= (Optional) Install local client on your laptop
— www.allinea.com/products/forge/downloads
* Linux — installs full set of tools
* Windows, Mac — just a remote client to the remote system
— Run the installation and software
— “Connect to remote host”
— Hostnhame:
« username@mira.alcf.anl.gov
* username@cooley.alcf.anl.gov
* username@theta.alcf.anl.gov

— Remote installation directory: /soft/debuggers/ddt

— Click Test
= You are now ready to debug on Mira/Vesta/Cetus — or debug and profile on Cooley/Theta

allinea
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ENABLING ALLINEA TOOLS

= On the machines that use Softenv, modify ~/.soft to include
+ddt

= On the machines that use modules, load the forge module
module load forge/7.0

allinea
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STATIC LINKING EXTRA STEPS

» To enable advanced memory debugging features, you must link explicitly against
our memory libraries

= Simply add the link flags to your Makefile, or however appropriate
Iflags = -L/soft/debuggers/ddt/lib/64 -WI,--undefined=malloc -ldmalloc -WI,--allow-
multiple-definition

= In order to profile, static profiler libraries must be created with the command
make-profiler-libraries --libtype=static

Instructions to link the libraries will be provided after running the above command

allinea
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SAMPLE USAGE COMMANDS

= Mira

ddt --connect --mpiargs="--block $COBALT_PARTNAME" --processes=128 -procs-
per-node=1 ./myProgram.exe

» Theta
rpn=64
ddt aprun -n $((COBALT_JOBSIZE*rpn)) -N $rpn -d $depth -j 1 -cc depth
/myProgram.exe

ALLINEA OFFLINE_LICENCE_TIMEOUT=1000000 map aprun -n
$((COBALT_JOBSIZE*rpn)) -N $rpn -d $depth -j 1 -cc depth ./myProgram.exe

allinea
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